BACKGROUND: Despite a growing need for primary care physicians in the United States, the proportion of medical school graduates pursuing primary care careers has declined over the past decade. OBJECTIVE: To assess the association of medical school research funding with graduates matching in family medicine residencies and practicing primary care. KEY RESULTS: Among research-intensive medical schools, the 16 private medical schools produced significantly fewer practicing primary care physicians (median 24.1 % vs. 33.4 %, p<0.001) and fewer recent graduates matching in family medicine residencies (median 2.4 % vs. 6.2 %, p<0.001) than the other 30 private schools. In contrast, the nine research-intensive public medical schools produced comparable proportions of graduates pursuing primary care careers (median 36.1 % vs. 36.3 %, p =0.87) and matching in family medicine residencies (median 7.4 % vs. 10.0 %, p=0.37) relative to the other 66 public medical schools. CONCLUSIONS: To meet the health care needs of the US population, research-intensive private medical schools should play a more active role in promoting primary care careers for their students and graduates.
P
rimary care physicians play a pivotal role in meeting the growing health care needs of the expanding and aging population of the United States. The majority of medical students entering residencies in internal medicine and pediatrics, however, eventually specialize in fields other than primary care that offer better compensation and perceptions of greater prestige. In 2003, only 27 % of third-year internal medicine residents expected to practice general internal medicine, 1 and in 2007, only 2 % of graduating medical students planned careers in this field. 2 Moreover, the proportion of graduates matching in family medicine residency programs has been declining over the past decade. 3 Expanding medical schools to increase the total number of US medical graduates will not yield a greater proportion of new physicians entering primary care if medical students continue to opt for specialist careers. Furthermore, clinical leaders and educators are needed in academic primary care to train students who will become the next generation of primary care physicians.
"Research-intensive" medical schools receive the largest amounts of federal research funding from the National Institutes of Health (NIH) and play a central role in training future leaders in all clinical fields, including primary care. One recent study, however, found that graduates of the ten most research-focused medical schools were more likely to pursue specialties with higher incomes and more controllable lifestyles than graduates of other medical schools. 4 The policies and cultures of U.S. medical schools are an important factor to consider in promoting primary care. Therefore, we assessed how the research intensity of medical schools was associated with their production of primary care physicians, and whether this association differed for private and public medical schools.
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METHODS

Data Sources and Measures
To assess the extent to which recent graduates of researchintensive private and public medical schools pursue careers in primary care, we used the NIH Research Portfolio Online Reporting Tool to determine the total amount of NIH research funding received by allopathic U.S. medical schools and their closely affiliated academic medical centers during 2010. 5 NIH grants to affiliated schools of public health, dentistry, nursing, science and engineering and training grants were not included in these totals. We then ranked medical schools on this measure of NIH funding and designated the top 25 schools as the most research-intensive.
To determine the degree to which each medical school's graduates pursue careers in primary care, we analyzed two outcome measures. First, from a published study, we determined the proportion of each school's graduates from 1999 to 2001 who were listed in the American Medical Association (AMA) Masterfile as practicing primary care physicians in 2008. 6 Second, from a report by the American Academy of Family Physicians, we obtained the average proportion of each school's graduates who entered family medicine residencies during 2007 through 2009. 3 We excluded four medical schools that lacked data on either of these measures (Florida State University, Rosalind Franklin University-Chicago Medical School, San Juan Bautista Medical School, and University of Toledo), yielding a study cohort of 121 medical schools.
The percentage of under-represented minorities graduating from each medical school from 1999 through 2001 was obtained from a previously published study. 6 The presence of primary care residencies in internal medicine or pediatrics at each medical school's major affiliated teaching hospitals in 2010 was obtained from the National Resident Matching Program. 7 The presence of a family medicine department at each medical school was determined from a published report. 3 For schools with a family medicine department, we determined from the NIH Research Portfolio Online Reporting Tool whether these departments received any NIH research funding. 5 From this NIH tool, we also tallied the number of unique principal investigators at each medical school to calculate the average level of NIH grant funding per principal investigator.
Because we used publicly available institutional data with no personal identifiers, our study was deemed not to be human research by the Human Studies Committee of Harvard Medical School.
Statistical Analysis
After ranking all 121 allopathic medical schools by their total amount of NIH research funding in 2010 (Appendix Table, We used generalized linear regression models to assess the adjusted association of research intensity with the proportion of each medical school's graduates entering careers in primary care, as measured by the two outcome variables described above. The main version of these two models included dichotomous variables for the top 25 most research-intensive schools and for private schools, along with the interaction of these two variables. Building on these primary models, we conducted a series of secondary analyses to determine whether any of the following variables contributed to the associations of these predictors with the two main outcomes: 1) Average NIH funding per principal investigator; 2) Presence of a family medicine department; 3) Any NIH funding to a family medicine department; 3) Presence of any primary care residency positions in internal medicine or pediatrics; 4) Proportion of under-represented minority students.
We report two-tailed statistical tests for all analyses using SAS statistical software (Cary, North Carolina).
RESULTS
The 25 most research-intensive medical schools are shown in Table 1 , along with their levels of NIH research funding in 2010 and their private or public status. Table 2 depicts the unadjusted outcomes and other study variables for all medical schools, stratified by research intensity and private or public status.
The 25 most research-intensive medical schools had significantly lower proportions of graduates practicing primary care (29 % vs. 36 %, p<0.001) and matching in family medicine (5 % vs. 9 %, p<0.001), compared to the other 96 less research-intensive medical schools. When stratified for private and public medical schools, these differences were evident only among private medical schools ( Fig. 1 ). As shown in Table 2 , the 16 private schools among the top 25 in NIH research funding had fewer graduates practicing primary care than the 30 other private schools (24.1 % vs. 33.4 %, p<0.001) and fewer recent graduates matching in family medicine residencies (2.4 % vs. 6.2 %, p<0.001). In contrast, no significant differences were seen between the nine most research-intensive public medical schools and the other 66 public medical schools in their proportions of graduates practicing primary care (median 36.1 % vs. 36.3 %, p =0.87) or matching in family medicine residencies (median 7.4 % vs. 10.0 %, p=0.37).
In regression models assessing the proportion of graduates from 1999 through 2001 practicing primary care in 2008, the base model included variables for research-intensive schools, private schools, and the interaction of these two variables. Relative to less research-intensive public medical schools, research-intensive public medical schools did not differ significantly (-0.5 %, p=0.82), but graduates were significantly less likely to be practicing primary care from researchintensive private schools (-8.6 %, p=0.003) and other private schools (-2.9 %, p=0.03). Similarly, the proportion of recent graduates matching in family practice residencies did not differ for research-intensive public schools (-1.2 %, p=0.36) relative to other public schools, but tended to be lower in researchintensive private schools (-3.0 %, p=0.08) and other private schools (-2.9 %, p<0.001).
In secondary analyses, we added additional predictors shown in Table 2 to these base models, and the magnitude and statistical significance of the primary findings were largely unchanged (data not shown). Relative to schools in the lowest quartile of under-represented minority students, the proportions of graduates from 1999 through 2001 practicing primary care were significantly lower in the second quartile (-3.4 %, p=0.03) and third quartile (-3.9 %, p=0.01), but not in the highest quartile (-1.6 %, p=0.33). The measures of NIH funding per principal investigator, presence of a family medicine department, NIH funding to family medicine departments, and the presence of primary care residency positions in internal medicine or pediatrics were not significant predictors of recent graduates practicing in primary care or entering family medicine residencies when added to either base model, respectively.
For most types of medical schools, we found that the proportion of graduates matching in family medicine residencies during 2007 through 2009 was highly correlated with the proportion of graduates from 1999 through 2001 who were primary care physicians. Significant correlations between these two outcome variables were noted for all schools (r=0.73, p< 0.001), as well as for the 25 most research-intensive medical schools overall (r=0.79, p<0.001), the other 96 medical schools (r=0.66, p<0.001), and the nine most research-intensive public medical schools (r=0.70, p=0.04). The correlation was much lower and non-significant, however, for the 16 most researchintensive private medical schools (r=0.26, p=0.34).
DISCUSSION
Among US medical schools, we found that private, research-intensive schools were least likely to produce primary care physicians among their recent graduates. In contrast, public schools that receive similar levels of NIH funding have been able to maintain robust research portfolios, while producing primary care physicians at rates that are equivalent to other public and private medical schools with lower levels of NIH funding. Furthermore, our adjusted analysis suggests that private status and high levels of NIH funding are more strongly associated with the proportions of recent graduates entering primary care practice and family medicine residencies than other variables, such as the proportion of under-represented minority medical students or the presence of a family medicine department or primary care residency programs. This study illustrates the potential value of improved monitoring of the career choices of medical school graduates. Given the high rates of specialization among graduates entering pediatrics and internal medicine, better tracking of primary care careers among graduates in these clinical fields would be useful to medical schools and policymakers.
The process of medical students selecting specialties is complex and multifaceted. Previous research has shown that demographic characteristics of medical students and their perceptions about primary care practice influence whether they will become primary care physicians. Demographic factors that have been associated with selection of a primary care career include female gender, lower socioeconomic status, older age, Latino ethnicity, rural background, nontraditional backgrounds, and plans for a primary care career at matriculation. 8, 9 However, with schools rather than individual students as the unit of analysis, our study did not find that the proportion of under-represented minority students was associated with primary care career choices.
Factors related to each medical school's culture may play also play an important role in determining the number of graduates who enter primary care. Medical students and residents cite lower pay, lack of prestige, greater stress and bureaucracy, lack of technological emphasis and research opportunities, and perceptions of job dissatisfaction as deterrents to pursuing primary care careers. 1, 8, 10 Positive and negative perceptions of primary care are shaped by students' experiences during clinical rotations, interactions with faculty members, and the school's culture or "hidden curriculum." 8 Research-intensive private medical schools are often able to attract very talented applicants from a wide range of racial, ethnic and socioeconomic backgrounds. A lack of emphasis on careers in primary care at these schools may influence students initially interested in primary care to shift their focus to specialist careers.
The current fee-for-service system provides strong economic incentives for primary care physicians to maximize the number of patients they treat, which may decrease physician and patient satisfaction with the care delivered.
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Specialists are reimbursed at a much higher rate than primary care physicians, on average, leading to an income gap of $3.5 million over a career. 12 Primary care reimbursement is being addressed through the federal Patient Protection and Affordable Care Act (PPACA) enacted in 2010. The PPACA seeks to address these issues by increasing Medicare payments for primary care by 10 % from 2011 to 2015 and supporting innovative models of health care delivery and reimbursement. 13 The PPACA also provides increased funding for the National Health Service Corps. 14 Some initiatives have been implemented at researchintensive medical schools to promote primary care as a career choice for students. Many of these schools offer a combination of student-run clinics, primary care interest groups, loan-repayment programs, and certificate programs in urban and rural health that may stimulate and sustain students' interest in primary care. Programs at two researchintensive medical schools-one public and one private- highlight approaches that such schools could pursue to increase their production of primary care physicians.
The University of Washington is a model for researchintensive medical schools to maintain a strong research portfolio while successfully training many students to become primary care physicians. This public medical school has demonstrated a strong focus on primary care through several programs to promote student interest in the field. Through the school's agreements with Wyoming, Montana, Idaho, and Alaska, students from these rural states receive in-state status as applicants and in-state tuition as students. [15] [16] [17] The school's Rural Integrated Training Experience, Targeted Rural and Underserved Track, Rural/ Underserved Opportunities Program, and multi-state clerkship program provide students with hands-on clinical, research, and community service experiences in primary care ranging from 4 weeks to 4 years. [18] [19] [20] These meaningful opportunities, coupled with relatively low instate tuition and an admission policy that identifies and selects students likely to practice primary care, have enabled the University of Washington to produce the highest proportion of primary care physicians (44.6 %) 6 among the 25 most research-intensive medical schools, while also maintaining the ninth-highest level of NIH research funding ($327 million in 2010). 5 Harvard Medical School is a research-oriented private medical school that has recently devoted significant financial resources to advancing primary care through loan forgiveness programs and new educational programs and clinical innovations in its academic primary care practices. Financial aid programs have been in place since 2003 to ease the debt burden of students pursuing primary care. 21 In 2011, the Center for Primary Care was launched with a $30 million donation. 22 This center is supporting innovations in Harvard-affiliated primary care practices, and providing enhanced opportunities and resources for students to pursue careers in primary care. The center is promoting curricular changes to foster student interest in primary care, allocating funds for student-led primary care projects, and connecting students with faculty mentors in primary care. Providing these resources through a well-supported center is designed to give students greater support to pursue primary care careers. Further data will be needed to determine if these initiatives have a measurable impact on the career decisions of Harvard medical students. If successful, this center could provide a model for other research-intensive private medical schools to pursue similar initiatives.
Our study has several potential limitations. First, we used total NIH funding as the measure of research intensity. Although this figure does not account for research funding from other sources, total NIH funding provides a uniform, publicly available metric to compare research funding across all schools. In a secondary analysis, we assessed the average level of NIH research funding per principal investigator and the presence of NIH funding to family medicine departments, and we found no significant associations with either measure of schools' output of primary care physicians. Second, the AMA Masterfile does not perfectly reflect the specialties of practicing physicians. However, previous studies have shown its accuracy ranges from 75 % to 90 % for physicians' reporting general internal medicine or family medicine as their clinical specialty. 23, 24 Finally, our study demonstrates an association of greater NIH research funding with lower output of primary care physicians among research-intensive private medical schools, but this association is not necessarily causal, and may be due to other unmeasured factors that mediate this finding. For example, only seven of the 16 research-intensive private medical schools have departments of family medicine, whereas almost all other schools-including the nine most research-intensive public medical schools-have such departments. 3 The presence of a family medicine department, however, was not a statistically significant predictor of graduates matching in family medicine residencies or practicing primary care.
To foster leaders in primary care, research-intensive private medical schools employ multiple approaches to promote primary care to students. Admission committees can strive to identify and recruit talented students with a strong interest in primary care. Primary care faculty can play a more prominent role as teachers and mentors for all students. Greater financial support can be provided to address the debt burden of students entering primary care who will have lower incomes after graduation than colleagues in other clinical fields. Most importantly, the leaders and faculties of research-intensive private medical schools can support primary care as a valued career choice for their graduates.
Our findings have important policy implications. Whereas research-intensive private medical schools produce relatively fewer primary care physicians, their research-intensive public counterparts have been able to maintain strong research programs while also producing higher proportions of primary care physicians. Private medical schools are generally not required to respond to public mandates, but they share a mission with all other medical schools to improve health. To achieve this mission, more physicians are needed who will become clinical leaders, teachers and innovators in primary care. By directing greater institutional resources and focus to train primary care leaders, research-intensive private medical schools can help to address the shortage of primary care physicians in the United States.
